Considerable progress has been made in the nutritional modelling of growth. Most models typically predict (or analyse) the response of a single animal. However, the response to nutrients of a single, representative animal is likely to be different from the response of the herd. To address the variation in response between animals, a stochastic approach towards nutritional modelling is required. In the present study, an analysis method is presented to describe growth and feed intake curves of individual pigs within a population of 192 pigs. This method was developed to allow end-users of InraPorc (a nutritional model predicting and analysing growth in pigs) to easily characterise their animals based on observed data and then use the model to test different scenarios. First, growth and intake data were curve-fitted to characterise individual pigs in terms of BW (Gompertz function of age) and feed intake (power function of BW) by a set of five parameters, having a biological or technico-economical meaning. This information was then used to create a population of virtual pigs in InraPorc, having the same feed intake and growth characteristics as those observed in the population. After determination of the mean lysine (Lys) requirement curve of the population, simulations were carried out for each virtual pig using different feeding strategies (i.e. 1, 2, 3 or 10 diets) and Lys supply (ranging from 70% to 130% of the mean requirement of the population). Because of the phenotypic variation between pigs and the common feeding strategies that were applied to the population, the Lys requirement of each individual pig was not always met. The percentage of pigs for which the Lys requirement was met increased concomitantly with increasing Lys supply, but decreased with increasing number of diets used. Simulated daily gain increased and feed conversion ratio decreased with increasing Lys supply ( P , 0.001) according to a curvilinear-plateau relationship. Simulated performance was close to maximum when the Lys supply was 110% of the mean population requirement and did not depend on the number of diets used. At this level of Lys supply, the coefficient of variation of simulated daily gain was minimal and close to 10%, which appears to be a phenotypic characteristic of this population. At lower Lys supplies, simulated performance decreased and variability of daily gain increased with an increasing number of diets ( P , 0.001). Knowledge of nutrient requirements becomes more critical when a greater number of diets are used. This study shows the limitations of using a deterministic model to estimate the nutrient requirements of a population of pigs. A stochastic approach can be used provided that relationships between the most relevant model parameters are known.
Introduction
Nutrient requirements, even though frequently determined in individual animals, are mainly given as mean values without considering the variation within the population.
-E-mail: Ludovic.Brossard@rennes.inra.fr However, differences can appear between the response of the mean population (i.e. the mean of all individuals) and the response of the average individual of that population. Considering only the mean requirement has practical consequences. For instance, the lysine (Lys) requirement in pigs is a function of the animal (e.g. genetic, sex, weight, composition of the growth at a given BW), environmental conditions and feeding factors (Noblet and Quiniou, 1999) . Even though some of these factors may be controlled, the Lys requirement varies between individual pigs (Bertolo et al., 2005) . Formulating diets for the mean requirement of a population implies that the requirements of some animals will not be met and that their potential performance will not be realised. Consequently, the mean performance of the group will be lower than expected. Pig growth models such as those developed by Whittemore and Fawcett (1976) , Moughan et al. (1987) , Knap (2000) or van Milgen et al. (2008) have been designed to simulate the response of an individual animal. Due to the importance of considering between-animal variation, stochasticity has been included in modelling approaches to study the impact of between-animal variation on performance (Ferguson et al., 1997; Knap, 2000; Pomar et al., 2003; Schinckel et al., 2003; Wellock et al., 2004) . As the animal is described by a limited number of parameters in most models, inclusion of between-animal variation in modelling studies requires the determination of individual values of these parameters. Consequently, methods based on the analysis of serial live measurements have been developed to obtain these values (Schinckel and de Lange, 1996; Knap et al., 2003; Schinckel et al., 2003; Doeschl-Wilson et al., 2006) . The objective of this study is to develop an analysis method to summarise individual growth and feed intake profiles by five descriptive parameters of a growth model, and to study the relationships between these parameters. This analysis was based on actual performance data of a population of 192 pigs. Simulations with the InraPorc model were then performed to illustrate the possible use of such a set of parameters to model the growth response of a population of growing pigs to feeding strategies differing in Lys supply and the number of phase-feeding diets.
Material and methods

Individual characterisation of pigs in a population
In the first part of our study, an analysis procedure was developed to characterise individual pigs by a set of five parameters on the basis of repeated measurements of BW and ad libitum feed intake. To illustrate this method and its application for the study of impact of between-animal variation in a population of pigs, data from 192 pigs were used for individual estimation of the five parameters (three BW parameters and two feed intake parameters).
Data analysis procedure. In order to describe the change in, for example, daily gain, mechanistic models of growth are based on phenomena that occur at a lower level of aggregation (e.g. protein deposition or protein synthesis).
These models are typically based on differential equations, which need to be integrated numerically in order to predict daily gain. Variation between individual animals is accounted for by variation in model parameters describing the underlying phenomena. Direct statistical estimation of these parameters can be used to estimate this variation but it may be very difficult and expensive when the underlying phenomena need to be observed. When only aggregate observations are available, model parameters can be obtained indirectly by using specialised software. The inconvenience is that this software is rarely available to end-users of models. In this study, an intermediate approach was taken where aggregate data on daily gain and feed intake were described by empirical equations that bear close resemblance to the equations used to describe phenomena at a lower level of aggregation. In this study, we apply the technique to the InraPorc model but it has general applicability.
In InraPorc (2006), protein deposition is described using a Gompertz function (van Milgen et al., 2008) . Because of the close relationship between protein deposition and daily gain, we used the Gompertz function to describe the change in BW as a function of age. This function is typically parameterised by the initial BW (at age 5 0), BW at maturity and a shape parameter (B Gompertz ). The first two parameters may be difficult to estimate because they refer to a situation well beyond the applicability range of the growth model (and most observed data). The Gompertz function was therefore reparameterised to include 'expected-value parameters' (Schnute, 1981) to replace parameters that are beyond the range of observed data. The equation below is the Gompertz function, where the initial BW and BW at maturity are replaced by the expected BW at 65 days of age (BW 65d ; i.e. a typical starting weight for a growth model) and the age at which pigs reach a BW of 110 kg (age 110 ; i.e. a typical slaughter weight) (equation (1) 
We then further reparameterised the model by replacing age 110 by the average daily gain between 65 days of age and 110 kg of BW (ADG 65d-110 kg ; calculated as ADG 65d-110 kg 5 (110 2 BW 65d )/(age 110 2 65)). Thus, the change in BW can be described by a model with three parameters, which have a practical meaning: BW 65d , ADG 65d-110 kg and the shape parameter B Gompertz . The shape parameter B Gompertz (called 'precocity' in the InraPorc software) indicates whether pigs are early-or late maturing. For a given BW 65d and ADG 65d-110 kg , a high value of B Gompertz indicates an early maturing animal, whereas a low value represents a late maturing animal.
The ad libitum daily feed intake (DFI) is assumed to be a function of BW in the InraPorc model. Among different available equations, a power function was chosen for this study to define the ad libitum feed intake on an as-fed Modelling the variation in performance of a pig population basis (kg/day) (equation (2)):
The parameter a is a scale parameter of the feed intake curve, whereas b is a shape parameter. In the statistical estimation, the parameters a and b are often highly correlated. Equation (2) was therefore reparameterised to include the expected DFI (kg/day) at 50 kg BW (DFI 50 ), which corresponds to the DFI at, approximately, the middle of the growth curve (i.e. DFI 50 5 a 3 50 b ) (equation (3) were estimated for each pig from BW and age data using the NLIN procedure from the Statistical Analysis Systems Institute (SAS, 2000) . Feed intake was recorded daily whereas the proposed equation to describe the change in feed intake varies with BW (equation (2)). Consequently, the Gompertz function was used to estimate the BW for each day corresponding to the daily DFI data. The DFI 50 and b parameters were then estimated for each pig using equation (3) and the NLIN procedure of the SAS (2000). Data of one barrow were excluded from the analysis because of unrealistic values of parameters.
Simulation method
In the second part of the study, the model parameters obtained above were used to create a virtual population of pigs that could be used in simulations using InraPorc (2006) . The objective of these simulations was to study the variation of the population performance in response to different feeding strategies. First, the simulated Lys requirement of each pig under non-limiting conditions was determined and the average Lys requirement of the population was determined. The consequence of using different feeding strategies (differing in Lys supply and the number of phase-feeding diets) on performance of each pig from 65 days of age to slaughter at 110 kg BW, was then tested by simulation modelling.
Model parameterisation and calculation of the Lys requirement. In the InraPorc model (van Milgen et al., 2008) , several model parameters are used as inputs to define an animal profile (for ad libitum feed intake and growth (2006) differed from the observed performance, the meanPD was adjusted manually so that the predicted ADFI and ADG corresponded as close as possible to the observed values. Through this operation, a set of model parameters was obtained for each pig, and the InraPorc model was then used to predict the daily standardised ileal digestible Lys (SID Lys) requirement for each pig. The SID Lys requirement in InraPorc (2006) is calculated using a factorial approach and accounting for requirements for maintenance and protein deposition (van Milgen et al., 2008) . Requirements for maintenance include the basal endogenous losses (0.313 g/kg dry matter intake; Noblet et al., 2002) and losses due to integuments (4.5 mg/kg BW 0.75 per day) and basal turnover of protein (23.9 mg/kg BW 0.75 per day) (Moughan, 1998) . Deposited protein is supposed to contain 6.96% Lys and the maximum efficiency of using SID Lys was assumed to be 72% (Sè ve, 1994) . The mean daily SID Lys requirement of the population was calculated from the individual requirements.
Feed sequence plans and lysine supply. Four feed sequence plans were defined in InraPorc (2006) using one, two, three or ten different diets. These feed sequence plans were then used to simulate the performance of the population. The criterion to change diets in the multiphase feed sequence plans was the age of the animal (Table 1) . As all simulations started at the same initial age (65 days), all pigs received the same diet during the same period of time, except during the last phase for which the duration was determined by the final weight (110 kg). Within each phase of a feed sequence plan, the SID Lys requirement (in g/kg feed) of a pig typically declines because voluntary feed intake (kg/day) increases more rapidly than the Lys requirement (g/day). For each phase of a feed sequence plan, a reference SID Lys level was defined as the highest mean population requirement during the phase (i.e. typically the mean requirement at the beginning of a feeding phase). Simulations were then realised by using Lys levels that provided 70%, 80%, 90%, 100%, 110%, 120% or 130% of this reference level of SID Lys. Diets in all simulations were identical in net energy (10.59 MJ/kg), CP (19%) and SID amino acid content (except Lys). No amino acid other than Lys could limit growth in the simulations.
Simulations and calculations. Daily feed intake and growth were simulated individually using the InraPorc model from 65 days of age to 110 kg BW and for each feed sequence plan and Lys supply. Individual ADG, ADFI, FCR, protein and lipid weights at slaughter, duration to reach 110 kg and ingested quantities of Lys were calculated (see van Milgen et al. (2008) for details on the relations used in InraPorc (2006) concerning nutrient intake, composition and growth and lipid and protein deposition). The proportion of the population for which the SID Lys requirement was met (PRM, expressed as %) was calculated at the start and end of each phase, and results were averaged across phases for each feed sequence plan and Lys supply.
Statistical analysis. For the analysis of observed BW and DFI data, Pearson correlations between the five parameters were calculated using the CORR procedure of the SAS (2000). Simulated performance (i.e. ADG, ADFI, FCR, protein and lipid weights at slaughter, duration to reach 110 kg and total ingested Lys) was analysed using the MIXED procedure of the SAS (2000). Feed sequence plan and level of SID Lys were included in the model as fixed effects as well as their interaction, and animal was considered as a random effect. When effects were significant (P , 0.05), least square means were separated using the PDIFF function with the TukeyKramer adjustment. Linear and quadratic orthogonal contrasts were also tested for the fixed effects and their interaction. The PRM data were analysed through a x 2 test using the GENMOD procedure of the SAS (2000).
Results
Except for one barrow, the data analysis procedure allowed obtaining realistic values for the five descriptive parameters (Table 2 ). Correlation analysis showed that the shape parameters b and B Gompertz were highly correlated (r 5 20.63; P , 0.01; Table 3 ), implicating that an early DFI relative to BW (i.e. a low value of b) is associated with an early maturing animal (i.e. a high value of B Gompertz ). The high positive correlation between DFI 50 and ADG 65d-110 kg (r 5 0.66; P , 0.01) indicates that a high DFI at 50 kg BW is associated with a high growth rate between 65 days of age and 110 kg BW. The B Gompertz was moderately correlated to DFI 50 (r 5 0.40; P , 0.01).
The DFI 50 and ADG 65d-110 kg were both positively correlated to BW 65d (r 5 0.38 and 0.35, respectively; P , 0.01). The heavier an animal was at 65 days of age, the higher were its DFI 50 and ADG 65d-110 kg .
The b and DFI 50 were moderately correlated (r 5 20.21; P , 0.01) as a result of the parameterisation of DFI model. This indicates that a higher DFI 50 was only partially related to an early increase of intake. The intake parameter b was also moderately correlated with ADG 65d-110 kg (r 5 0.30; P , 0.01). There was no significant relationship between the growth precocity parameter (B Gompertz ) and ADG 65d-110 kg (P 5 0.24). Thus, a given growth performance is not necessarily associated with an early or late maturing pig. Similarly, the shape parameters of the growth (B Gompertz ) and intake (b) curves were not significantly correlated to BW 65d .
Change in estimated Lys requirement and percentage of animals for which the Lys requirement was covered The estimated mean SID Lys requirement of the population decreased with age ( Figure 1 ). In the multiphase feed sequence plans, we used a SID Lys supply that corresponded to the highest mean population requirement within a phase. As the SID Lys requirement declines with age, the reference SID Lys level corresponded to the mean population requirement at the beginning of a phase. Declining Lys levels were used between the successive phases ( Table 1) .
The simulated PRM at the beginning of a phase followed an S-shaped curve relative to the SID Lys supply (Figure 2a) . The shape of the curve was not affected by the number of diets used in the feed sequence plan (P . 0.05). The simulated PRM increased with increasing SID Lys supply (P , 0.001). A supply of 100% of the mean population requirement covered the requirement for 56% of the population at the beginning of a phase. The PRM increased rapidly with increasing SID Lys and a supply of 130% of the mean population requirement covered the requirement of every individual in the population. The situation is different for the simulated PRM at the end of a phase (Figure 2b ). As the requirement declines with age, but the supply remains the same within a phase, a greater PRM will be observed (P , 0.001). The PRM increased with increasing SID Lys supply (P , 0.001) but the response depended on the number of phases as, for a given Lys supply, the PRM decreased with an increasing number of phases (P , 0.001). With a supply corresponding to 100% of the mean population requirement, the PRM at the end of the phase was 74% for ten-phase feed sequence plan and greater than 94% for other feed sequence plans. With a supply of 130% of the mean population See Table 2 and the text for an explication of the model parameters. requirement, the requirement of entire population was met, irrespective of the feed sequence plan used.
Effect of lysine supply and feed sequence plan on performance of the population Increasing the Lys supply and increasing the number of phases resulted in a significant but numerically small increase in simulated ADFI (P , 0.001; Table 4 ). The mean ADFI was 2.37 kg/day. The quantity of ingested SID Lys (cumulated over the entire period of simulation) increased with increasing Lys supply (quadratic effect, P , 0.001) and decreased with increasing number of phases (quadratic effect, P , 0.001). Providing 70% of the reference Lys supply resulted in a reduction of 20% and 13% of the total SID Lys supply for the one-and ten-phase feed sequence plans, respectively. The average time required to reach 110 kg decreased with increasing Lys supply and increased with increasing number of phases (quadratic effect, P , 0.001; data not shown), When providing 70% of the reference SID Lys supply, pigs required 90 and 104 days to reach 110 kg with the one-and ten-phase feed sequence plans, respectively. For 100% of the reference SID Lys supply, they required 77 and 78 days for the one-and tenphase feed sequence plans, respectively. For a higher supply, pigs required 76 days to reach 110 kg irrespective of the feed sequence plan used. The simulated ADG increased with increasing Lys supply (quadratic effect, P , 0.001; Table 4 ). Above a SID Lys supply of 110% of the reference supply, performance was similar between feed sequence plans and Lys supplies (P . 0.05). The variation in ADG in response to increasing Lys supply increased with increasing number of phases (interaction feed sequence 3 Lys level, P , 0.001; Table 4 ). As the change in ADFI was small, the effect of feeding strategy on simulated FCR was similar to that observed for ADG. Providing 70% of the reference SID Lys supply s.e. 5 residual standard error of the mean.
--F 5 effect of feed sequence plan; L 5 effect of lysine content; F 3 L 5 interaction between feed sequence plan and lysine content; ***P , 0.001; quadratic orthogonal contrasts for the feed sequence plan and the lysine content effects were significant (P , 0.001) for all variables.
resulted in a decrease in ADG ranging from 14% for the one-phase feed sequence plan to 24% for the ten-phase feed sequence plan. This reduction also resulted in an increase in FCR ranging from 15% for the one-phase feed sequence plan to 32% for the ten-phase feed sequence plan. Simulated final body protein weight (at 110 kg BW) was reduced following a reduction in SID Lys supply, whereas simulated final body lipid weight was increased (quadratic effect, P , 0.001; Table 4 ). A reduction of 30% of the SID Lys (relative to the reference supply) resulted in a decrease in final protein weight ranging from 4% to 8%, and an increase in final lipid weight ranging from 18% to 38%, for the one-and the ten-phase feed sequence plans, respectively. The variability in simulated performance between animals was estimated by the coefficient of variation (CV) of the calculated ADG, FCR and final lipid weight (Figure 3 ). For all feed sequence plans, the CV of ADG and lipid weight was constant (10.3% and 8.2%, respectively), for a SID Lys supply equal or greater than 120%. For a lower supply, the CV of ADG increased and that of final lipid weight decreased with decreasing Lys supply and with an increasing number of phases. The change in CV of final protein weight was similar to that of lipid weight, but with lower values (CV protein weight , 2%). The effect of the feed sequence plan on the CV of FCR varied with increasing Lys supply. With a supply corresponding to 70% of the mean requirement, the CV of FCR increased with an increasing number of phases. This relationship was inversed for a supply corresponding to 100% of the reference supply and no difference was observed for a supply higher than 120%. For the feed sequence plans with one, two or three phases, the CV of FCR increased with increasing Lys supply. For the ten-phase feed sequence plan, this criterion decreased for a supply between 80% and 100% of the reference supply and increased thereafter with increasing SID Lys supply.
Discussion
In several pig growth models, performance of the animal is driven by protein and lipid deposition, which are often described by functions such as the Gompertz function (Ferguson et al., 1994; Knap, 1999 and 2000; Wellock et al., 2003) . Consequently, simulating the growth of pigs requires the knowledge of the numerical values of the underlying model parameters. Different methods have been proposed to achieve this, including serial slaughter at different BW (Ferguson and Gous, 1993) . Repeated measurements can also be realised during growth on individual pigs (Schinckel and de Lange, 1996) , allowing estimation of the betweenanimal variation. Alternatively, techniques of 'inverted modelling' or 'reverse simulation' have been developed to obtain model parameters DoeschlWilson et al., 2006 and . With these techniques, observations are compared with model outputs (e.g. ADG) and model parameters are adjusted iteratively so that predictions correspond (as close as possible) to observations. The analysis procedure described in this study can be considered as model inversion based on a limited number of equations using measurements on growth and intake. Through standard, non-linear regression using two equations, each animal in the population is characterised by a set of five parameters. The method allows end-users of InraPorc (2006) to easily characterise their animals based on observed data and then use the model to test different scenarios. The choice of the five parameters was driven by the fact that they closely resemble the inputs required by InraPorc (2006) . These parameters also have a biological or technico-economical meaning, which facilitates the understanding and interpretation of their variation and relationships. The method presented here addresses the need to consider the between-animal variation in growth models (Knap, 1995; Kyriazakis, 1999; Gous and Berhe, 2006) . This interest is mainly related to the difference that can occur between the mean population response (i.e. the mean of all individuals) and the response of the average individual of the population Wellock et al., 2004) . Introduction of stochasticity in models requires knowledge of not only the average values of model parameters and their variation, but also of the correlation between parameters (Ferguson et al., 1997; Kyriazakis, 1999) , and the method proposed here allows obtaining these. Little information is available about correlations between parameters describing the dynamics of feed intake and growth. Without addressing the issue of cause and effect, feed intake and growth are well correlated and this is reflected by some of the model parameters listed in Table 3 . Knowledge about the variance-covariance matrix of parameters is of interest to generate other populations of pigs, but it remains to be confirmed whether the variance-covariance matrix is specific for this population of pigs or that (part of) it has general applicability. Magowan et al. (2007) highlighted the difficulty to assess the extent to which differences in feed intake and growth rate between and within herds can be attributed to genetics, relative to the effects of management and disease. The relations between parameters observed here are therefore foremost phenotypic relations.
Using the set of individual parameters obtained here, a simulation study was performed to illustrate the interest and application of considering between-animal variation in a pig growth model. In this case, it was used to study the consequence of changing the SID Lys supply on performance and variability between pigs. The Lys requirement in pigs still requires attention (Warnants et al., 2003; Quiniou et al., 2006) . As the SID Lys requirement (in g/kg feed) typically decreases during growth, we used the mean requirement at the start of a phase as a reference situation. As can be expected, the simulated PRM was approximately 50% at the start of a phase, and increased with time within a phase. By increasing the number of phases, PRM increases less between the beginning and end of the phase because of the shorter duration of each phase. This was particularly the case when the Lys supply was relatively low (i.e. 70% to 100% of the reference supply). For higher Lys supplies, the requirement of a greater percentage of animals (90% or more) was met both at the beginning and at the end of a phase. This may explain why model predictions of the Lys requirement for the average animal in a population are low relative to common practice. Another interest of modelling studies is to extrapolate results from metabolism studies to other different situations (BW, age) or larger populations. For instance, Bertolo et al. (2005) , using the indicator amino acid oxidation technique, estimated the mean and variability of the true ileal digestible Lys requirement of growing pigs, but using only nine animals.
A comparison of the variability observed in metabolism studies with that observed in large(r) scale field studies is essential before their results can be used as practical recommendation.
Changes in simulated ADG, ADFI, FCR and final protein and lipid weights according to the SID Lys supply were related to the changes observed for PRM. Performance increased and variation of performance between feed sequence plans decreased with increasing Lys supply. Maximum performance was reached for a supply close to 110% of the mean population requirement. At this supply, performance was similar for the different feed sequence plans. Leclercq and Beaumont (2000) and Gous and Berhe (2006) observed a similar curvilinear plateau response relative to SID Lys supply for ADG and FCR when modelling broiler populations. Pomar et al. (2003) observed the same type of response of body protein deposition to increasing protein intake in pigs. For a Lys supply less than 110% of the mean requirement, ADG and PRM decreased with an increasing number of phases. With a low PRM, a smaller proportion of the population will be able to express its potential and the ADG of the population therefore decreases. The final lipid weight decreased and final protein weight increased with increasing SID Lys supply and decreasing number of phases. In InraPorc (2006), all energy not used for maintenance or to support protein deposition is deposited as lipid (van Milgen et al., 2000 and 2008) . At low levels of Lys supply, protein deposition is limited by Lys supply for many pigs in the population. For these animals, a greater part of energy is then available for lipid deposition. With increasing Lys supply or decreasing number of phases, an increasing percentage of pigs will be able to express their potential of protein deposition at the expense of lipid deposition.
The small change in simulated ADFI in response to Lys supply is to be interpreted with caution. The InraPorc model does not take into account for the possibility of change in feed intake during or after a nutrient deficiency. The slight difference in ADFI observed with increasing number of phases or decreasing Lys supply is due to the prolonged growth duration (to reach the final BW of 110 kg) and to an increased contribution of maintenance (relative to growth). The prolonged growth duration and its consequence on ADFI also explain that a reduction in Lys supply is not accompanied by a same extent reduction in SID Lys intake.
For a Lys supply greater than 110% of the mean population requirement, PRM is higher than 90% and the majority of pigs can express their growth potential. In this case, the CV is close to the 'natural' phenotypic variation of this population under optimal nutritional conditions (i.e. the Lys supply is not limiting). As the Lys supply decreases, PRM decreases, especially for the multiphase sequence plans. As the change in feeds is determined by age, pigs with a lowerthan-average performance will have a higher-than-average SID Lys requirement (in g/kg feed) at the moment of the feed change. Consequently, they will be penalised more than the other pigs by the feed change as they receive less Lys than required. This contributes to the increase in the variability of simulated growth performance. The increase in variability of growth performance with feeds deficient in amino acids supply was also observed in broilers (Corzo et al., 2004) . In contrast to the variability in ADG, the variability in final lipid and protein weight decreased with decreasing SID Lys supply. For low levels of Lys supply, growth will be determined mainly by the SID Lys content of the diet, and not by the phenotypic variation of the population. Reducing the SID Lys supply will therefore result in fatter but more homogenous carcasses.
Results of this study underline the importance of having accurate knowledge of the individual SID Lys requirement, if multiphase sequence plans are used. Without this knowledge, there is a risk of increasing the variability in performance over the intrinsic phenotypic variability of the population. In addition, the greater the variation in Lys requirement, the greater the safety margin should be to cover the needs of a large part of the population. At the same time, a greater part of the Lys supply will be given in excess to animals having a low performance potential. This was illustrated for pigs by Pomar et al. (2003) in a simulation study. These authors showed that the greater the intrinsic variability of potential growth in population, the higher the balanced protein supply should be to reach the maximum mean protein deposition rate. The recommendation of the present study that a supply of 110% of the mean population requirement for SID Lys should be sufficient to cover the requirement for most pigs may has to be modulated depending on the intrinsic variability of the population.
In the present study, time has been chosen to determine the feed change in the multiphase sequence plans and this is a typical practice in most swine operations. The mean BW of the population could also be chosen to determine feed change. This type of decision rule is currently not available in the InraPorc software. However, it would be interesting to model the consequence of such a rule on performance and variability. The effect of grouping animals in batches of homogeneous pigs (e.g. barrows and gilts) following specific feed sequence plans or slaughter strategies could then be studied. The present study also has other practical implications. The mean population requirement was chosen as a basis for the Lys content in the feed. By increasing the number of phases in the sequence plan, using a diet with a SID Lys content greater than the reference value became more critical (Figure 2) , in order to cover the requirements of a large percentage of animals. Despite this safety margin, it reduced the total Lys supply and, thus, feed cost, because the total Lys supply could be reduced. In addition, a reduction in Lys supply is generally accompanied by a reduction in protein supply. It is likely that reducing the total Lys supply will also reduce nitrogen excretion. This illustrates that feed formulation for a population of pigs has biological, environmental and economical dimensions, and that a biotechnical evaluation alone in not sufficient. More comprehensive approaches have been used by Moughan et al. (1995) , Boys et al. (2007) and Quiniou et al. (2007) to define economically optimal feeding and management strategies for growing pigs.
Conclusion
The analysis method presented in this study allows describing growth and feed intake curves of individual pigs within a population by a set of five parameters. Through this method, it is possible to characterise individual pigs in a population and to simulate different feeding strategies applied to that population. The study showed that a Lys supply corresponding to 110% of the mean requirement of the population covered the requirement for most pigs and that the variation in ADG between pigs was minimal. However, this corresponds to the maximum phenotypic performance of the population and the optimum may be different when economic or environmental aspects are considered. A stochastic approach towards the nutritional modelling of growth of pigs is a useful method to evaluate different scenarios applied to populations of pigs. Such an approach can only be carried out if knowledge about the relationships between relevant model parameters is available.
